




























[1] *Ryusuke Sagawa, Nobuya Aoki, Yasushi Yagi: Mirror Localization
for Catadioptric Imaging System by Observing Parallel Light Pairs, In Proc.
8th Asian Conference on Computer Vision, pp.116–126, Tokyo, Japan, Nov.
18-22, 2007.
[2] *Ryusuke Sagawa, Nobuya Aoki, Yasuhiro Mukaigawa, Tomio Echigo,
Yasushi Yagi: Mirror Localization for a Catadioptric Imaging System by Pro-
jecting Parallel Lights, In Proc. IEEE International Conference on Robotics


















[1] *Takahiko INARI, Nobuya AOKI: A Proximity Sensor Using Power
Variation of a Laser Diode Caused by Returned Light and Its Characteristics
of Stability, Proc. of IECON 2005 (Annual Conference of the IEEE Industrial
Electronics Society), 2005.
[2] *Nobuya AOKI, Hiroki NISHIKAWA, Atsuto YOSHIDA, Takahiko
INARI: Extension of 3D Vision System for Spherical Objects using Highlight
Patterns, Proc. of SICE Annual Conference 2004, pp.2322-2325, 2004.
[3] *Nobuya AOKI, Takahiko INARI: 3D Vision System with Two Cameras
using Highlight Patterns for Cylindrical Targets, Proc. of 2002 Japan-USA
Symposium on Flexible Automation, Vol.1, pp.601-604, 2002.
[4] *Takahiko INARI, Nobuya AOKI: Surface Roughness Measurement by
Optical Pattern Projection Method Using Image Processing with TV Cam-
era, XV IMEKO (International Measurement Confederation) World Congress
Vol.IX, pp.71-76, 1999.
3[5] *Nobuya AOKI, Takahiko INARI: Detection of Leaked Oil Using Image
Processing, Proceeding of the 1997 IECON (International Conf. Industrial
Electronics, Control, and Instrumentation), pp.1470-1473, 1997.
[6] Tsumura, Okubo, Komatsu, *Aoki, Sugihara: Data Communication
System Using Laser and Corner Cubes, Proceedings of the Intelligent Vehicles
’93 Symposium, pp.366, 1993.
[7] *Tsumura, Okubo, Komatsu, Aoki: A Proposed Automobile Communi-
cation and Traffic Control SystemUsing Laser and Corner Cubes, Proceedings














[6] *N. AOKI, H.YAMAUCHI, T. INARI: 3D Vision System for Spherical
Objects using Highlight Patterns, Proc. of SICE Annual Conf. 2003, MPII-4-
1, 2003.
[7] *Nobuya Aoki, Akifumi Misaka, Masayuki Miyaoka, Takahiko Inari:
3D Vision System for Cylindrical Objects Using Highlight Patterns Produced


























































? 1? ?? 9
1.1 ??????????????? . . . . . . . . . . . . . . 9
1.2 ????????? . . . . . . . . . . . . . . . . . . . . . 11
? 2? ?????????????????? 13
2.1 ????????? . . . . . . . . . . . . . . . . . . . . . 13
2.2 ????????????????? . . . . . . . . . . . 14
2.3 ??????????????????? . . . . . . . . . 15
2.4 ????????????????? . . . . . . . . . . . 17
? 3? ????????????????????????? 21
3.1 ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1.1 ?????????? . . . . . . . . . . . . . . . . 22
3.1.2 ?????????? . . . . . . . . . . . . . . . . 24
3.2 ????????? . . . . . . . . . . . . . . . . . . . . . 25
3.2.1 ??????????????? . . . . . . . . . . 25
3.2.2 ????????????? . . . . . . . . . . . . 30
? 4? ???????????????????? 33
4.1 ???????? . . . . . . . . . . . . . . . . . . . . . . . 33
4.2 ??????????????????? . . . . . . . . . 34
4.2.1 ????????????????????? . . 34
4.2.2 ?????????? . . . . . . . . . . . . . . . . 36
4.2.3 ???????? . . . . . . . . . . . . . . . . . . 36
4.3 ????????? . . . . . . . . . . . . . . . . . . . . . 38
4.3.1 ??????????????? . . . . . . . . . . 38
4.3.2 ??????????????? . . . . . . . . . . 45





























??????Mei? Rives [12]?????????????? [13]??
?????????????????????????????????
????????????????????????????????








































































































































































‖ p− x ‖ −
m
‖m ‖ = aNR,t(x) (2.4)
????NR,t(x)??x?????????????????R? t?
????????????????a???????????????
p − x?? x??????????????????????????
?????????????? v???????????????
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? 2.1: ????????????????




















?????????R, t, RC , tC , p???????RC ? tC ?????
???????????????????????????????n?
????? k???????????????????????????
????? 6 + 6k + 3n??????????? 2kn????????
????????????????????? k = 3, n = 8?????





?????????????????? R, t, RC , tC ????????
















18 ? 2? ??????????????????



















































































(RT1 −RT2)v0 = 0 (3.2)
??????v0? (RT1 −RT2)T (RT1 − RT2)????????????
???????????????????RT1?RT2????????












??????? (θ1, φ1)??????????????????? (θ2, φ2)
???????????????v1?v2?????? 2???????
?????????????? (θ1 + Δθ, φ1)?(θ1, φ1 + Δφ)?????
????????????(θ1, φ1)????? (θ2, φ2)????????
?? v?????v??? a?b???? v = av1 + bv2????????








24 ? 3? ?????????????????????????
(θ ,φ )1 1
2(θ ,φ )2
(θ ,φ +Δφ)1 1





















4. Levenberg-Marquardt??????????R, t???RC ???
?????

































26 ? 3? ?????????????????????????
? 3.1: ?????????????Mean????? [deg]? Std.???
?? [deg]
σ 1 pair 6 pairs
(pixels) Mean Std. Mean Std.
0.0 0.008 0.004 0.005 0.001
0.1 0.053 0.030 0.024 0.014
0.5 0.205 0.104 0.078 0.038
???? h? 2.5mm?????????????? z = (1/2h)r2???























??????? 1??? 2????????????? 100[mm]???
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Method 1 Method 2
# of mirror parameters 6 6 6 6
# of camera positions 1 1 4 4
# of features 6 24 6 6
# of external parameters 3 3 24 24
# of param. of features 0 0 0 18
total # of parameters 9 9 30 48









‖ p′−x‖p′−x‖ − m‖m‖ ‖
(3.6)
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Proposed Method 6 points σ=0.0
Proposed Method 6 points σ=0.1
Proposed Method 6 points σ=0.5
Proposed Method 24 points σ=0.0
Proposed Method 24 points σ=0.1


































Proposed Method 6 points σ=0.0
Proposed Method 6 points σ=0.1
Proposed Method 6 points σ=0.5
Proposed Method 24 points σ=0.0
Proposed Method 24 points σ=0.1




















































































































‖ vi1 · vi2 − vj1 · vj1 ‖2 (4.3)
??????????????????????????????R





























































































??????? z = 1
2h
(x2 + y2)?????????????????
512×512????????? f = 900????? cx = cy = 255????
? h = 9.0?????????????????????????R = I?
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? 4.4: ???????????????? t??????
?????? 4.6???? 4.7??f ??? cx?????????E1?
RMS???????????????????????????????
????? f ??? cx??????????????????RMS?
?????????????????????????????????
?????????????? (cx, cy)???????????????
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Previous Method 24 points σ=0.5
Method1
Method2































































48 ? 4? ????????????????????
? 4.1: ??????????????????? (4.5)? RMS???
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float4 Pos : POSITION;
float3 Tex : TEXCOORD0;
};
VS_OUT VS(float4 Pos : POSITION,
float4 Nor : NORMAL)
{
VS_OUT Out = (VS_OUT)0;
float3 tmpPos, tmpNor, v;
float a;
tmpPos = normalize(mul(Pos, T));
tmpNor = mul(Nor, R);
a = dot(-tmpPos, tmpNor);
v = tmpPos + 2 * a * tmpNor;




float4 PS(VS_OUT In) : COLOR
{
60 ? 5? ??
float4 Col = 0;
Col.rgb = In.Tex.xyz;
return Col;
}
